Cryptorchidism is characterised by the absence of one or both testes from the scrotum. It is recorded in 30% of preterm compared to 3% in term infants. Different radiological modalities have been adopted preoperatively to localise cryptorchid testes. Ultrasound Scan (USS) is the most widely used imaging modality because of availability and non-invasiveness. However, the role of Magnetic Resonance Imaging (MRI) & Computed Tomography (CT) preoperatively is still unclear. Several studies advocated comparisons between imaging modalities and operative findings. Aim of the study is to perform 35-year literature survey to elucidate trends of imaging studies in investigating cryptorchidism in children. A PubMed search was performed for publications relevant to the pediatric age group, between January 1980 and January 2015. The 35-year search identified a total of 259 articles. Of these, 45 articles that matched the inclusion criteria were retrospective (n = 11), prospective (n = 5) and other related studies (n = 29). Addressed end-points out come: (1) Imaging modality; USS (n = 16), MRI (n = 6) & CT (n = 3); (2) Sensitivity; USS (45%-96%), MRI (55%-86%) & CT (94%); (3) Specificity; USS (25%-100%), MRI (79%-100%) & CT (100%); (4) Accuracy; USS (15%-91%), MRI (52%) & CT (33%-96%); (5) Population size; (n = 838); (6) Patients' age; range (6m-17y). USS has low sensitivity, specificity and accuracy relatively in determining the presence of testes and localisation of their position. Comparatively, MRI has superior role. However, in the presence of examination under anaesthesia and laparoscopic technique, all these modalities are not recommended in investigations preoperatively. Based on the literature review, there is a universal decline trend in performing imaging studies prior to surgery in children with cryptorchidism despite technology improvement.
Introduction
 Undescended testes (UDT) is recorded in 30% of preterm compared to 3% in term infants [1] . Absence of one or both testes from the scrotum is a common congenital anomaly in boys [2] . Initially, neonatologists, general practitioners, health visitors and paediatricians usually get concerned when reviewing boys with suspected undescended testes or empty scrotum [3] . Some clinicians use diagnostic-imaging modalities including Ultrasound Scan (USS), Magnetic Resonance Imaging (MRI) or Computed Tomography (CT) to localise undescended or impalpable testes. The benefits of such investigations should be weighed against irradiation risks, costs and burdens on health care system including the need of general anaesthesia in some of these cases. However, USS because of its easy availability and non-invasiveness is the most widely used imaging modality to evaluate boys with UDT prior to paediatric surgical consultation [4] .
Since the first prospective review reported by Madrazo et al. in 1979 explaining how USS demonstrated UDT prior to surgery, many works have adopted the idea [5] . Several studies advocated comparisons between different imaging modalities and operative findings in management of children with UDT. Aim of the study is to perform 35-year literature review to elucidate trends of imaging studies in investigating cryptorchidism in children.
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Methods
Data Collection
A PubMed search was performed for all publications with the key words "Undescended testes, Ultrasound scan, MRI, CT and children". Publications relevant to the pediatric age group, between January 1980 and January 2015, were identified and included in the current study (35 years) . Articles were reviewed with regards to information on the following end-points (1) Imaging modality (2) Sensitivity (3) Specificity (4) Accuracy (5) Population size (6) Patients' age.
Article Selection
Potentially relevant studies were selected by screening the titles, abstracts and articles for mentioned relevance key words. The reference list of all relevant articles was also searched. A total of 259 studies were identified in the PubMed search. We used explicit inclusion and exclusion criteria. Language was restricted to English. Studies used with boys with UDT (palpable and impalpable) from infancy to adolescent children under 18 years. Included studies provided preoperative radiological imaging (USS, CT & MRI) findings compared to operative ones. Excluded articles include case reports and professional opinions. Finally, further 4 articles were excluded due to difficulties to extract data and duplications.
Subsequently, a total of 45 were considered eligible for inclusion. We collected prospective, retrospective and other related studies (Fig. 1) . All included articles were read independently. 5 were prospective and 11 were retrospective. 29 were relevant studies concerned with the subject of UDT. Of these related articles, 9 articles dealt with surgical input. The rest 20 concerned with the radiological input.
Data Analysis
We looked at accuracy, sensitivity and specificity of each study (n = 16). These articles have been subdivided into two groups according to the radiological modality used. Group (A) includes studies concerned about comparison between preoperative USS on UDT and operative findings. Group (B) includes remaining studies showing the comparison between preoperative all imaging studies (USS, CT and MRI) and operative findings (Tables 1 and 2 ). Due to data heterogeneity of patient's age & efficacy of 
Results
The 35-year search identified a total of 259 articles. 45 articles of the total, matched the inclusion criteria. However, further 4 articles were excluded due to difficulties to extract data and duplications. Among the included articles, the target end points are:
(1) Imaging modality; the majority, 16 articles were concerned on the USS role in management of UDT preoperatively. However minority, 6 articles were about the MRI role and only 3 were about the CT imaging results. 2 studies were comparing USS, CT & MRI imaging performance with surgical findings. All extracted data regarding imaging sensitivity, specificity and accuracy of each study individually have been shown in Tables 1 and 2. (2) Sensitivity; USS shows wide range (45%-96%) and MRI (55%-86%). However, sensitivity of CT was (94%) to detect and localize the UDT. (3) Specificity; USS shows wide range (25%-100%). MRI was more precise with relatively wide range specificity (79%-100%) compared to the CT out-come (100%). One study reported CT specificity while sensitivity has been reported in two articles.
(4) Accuracy; USS reported wide range of (15%-91%) & CT (33%-96%). However, MRI has been reported of (52%).
(5) Population size; across the included article, a total of 838 patients diagnosed with UDT have been calculated.
(6) Patients' age; the range was (6m-17y) for all the patients in all included studies.
Discussion
The undescended testis (UDT) could be present at any point along the pathway of normal testicular descent from the retroperitoneum adjacent to the kidneys down to the ipsilateral hemiscrotum. However, ectopic testes could be present outside this normal pathway of its descent e.g. superficial inguinal pouch, root of penis, perineum and upper part of thigh or contralateral hemi-scrotum. In 70%-80% of cryptorchidism, testes are clinically palpable. The rest that cannot be palpated clinically could be either absent or vanished, located intra-abdominally or in the inguinal canal. Occasionally testes, though palpable, may not be identified on physical examination in an uncooperative or obese child, if the testis is very small or in a scarred groin from previous operations. Associated congenital anomalies as in anterior abdominal wall defects can play a local factor. Precise localisation of these testes preoperatively is crucial in surgical decision making [3] .
Since the first report of USS evaluation of UDT published in the 1970s [5] , several subsequent studies have been conducted regarding the USS performance in management of UDT preoperatively. Over the last few decades, USS technology has advanced with newer transducers having greater resolution power in order to distinguish testes from adjacent tissues [6] . Kullendorff reported that USS identified 93% of palpable UDT detected by physical exam. However, in the same prospective series he reported that only 87% of these were correctly localized using 5 and 7.5 MHz transducers [7] . Wiess et al. reported 70% [8] . The accuracy rate of USS to identify UDT reported by Graif et al was 90 % [9] . However, Elder et al. in his series reported that USS identified (26.6%) 12 of 45 palpable UDT [10] .
On the other hand, Nijs et al. reported that USS failed to identify (42%) 14 out of 33 viable intra-abdominal testes, despite the advanced technology and the use of 5 to 12 MHz [11] . So the recent advances in USS technology do not warrant better testicular identification outcome particularly in intra-abdominal ones. Kullendorff reported that USS located 33% of impalpable testes correctly in the groin and none of them were intra-abdominal [7] . On the other hand, Elder reported that USS was negative in all nonpalpable testes. All these testes were either intra-abdominally or atrophic nubbins on surgical exploration [10] .
USS potentially can identify impalpable testes in the groin but not if present intra-abdominally. Thus, USS appears at best, adds little to the physical examination and at worst, provides misleading information [4] . According to meta-analysis and systematic review by Tasian et al., the sensitivity and specificity of USS in identifying the impalpable testes were 45% and 78% respectively [15] . However, in the light of results of a recent series by Shoukry et al., the sensitivity and specificity of USS in determining the presence of testes were 85% and 25% respectively with PPV of 88% and NPV of 20% [16] . Similar results reported by Adesanya et al. (Sensitivity of 89.8%, and specificity of 33.3%, PPV of 95.7% and NPV of 16.7%). USS has overall accuracy of 86.5% (90.9% with palpable and 86.7% impalpable UDT) [17] .
USS can usefully often distinguish the various causes of non-painful scrotal masses such as tumours, hydrocele, and meconium peritonitis. It is highly accurate in distinguishing normal from abnormal scrotal contents and in separating testicular from extra testicular masses. However, USS has limitations in distinguishing benign from malignant neoplasms or from some inflammatory lesions. Sonography can be successfully used in the differential diagnosis of the painful scrotum especially with colour flow Doppler. Inflammatory diseases that often involve the epididymis can be distinguished from torsion. Torsion of the appendages has been diagnosed. In cases of scrotal trauma, management decisions are often based on the ultra-sonographic findings [18] [19] [20] .
Total number of published articles via the PubMed focusing on the role of preoperative USS in management of UDT has declined across decades. However, number of publications that concerned with comparison of preoperative findings between different radiological modalities has increased (Table 2) [5, 7-9, 11-14, 16, 17] .
Several attempts of using other imaging modalities like the Magnetic Resonance Imaging (MRI) or Computed Tomography (CT) have been recognised. This is to identify and localise UDT (Table 3 ) [21] [22] [23] [24] [25] [26] [27] . The outcome results varied according to each modality.
In prospective study by Yeung et al., Gd-MRA has a sensitivity of 96% and a specificity of 100% for localizing impalpable UDT compared to USS. USS failed to reveal any intra-abdominal or vanishing testes. But not surprisingly, it correctly localized 90% of UDT testes within the inguinal canal [21] . The results of two recent retrospective series, reported by Shah et al. and Kanemoto et al. comparing MRI & USS performance with Impalpable UDT varied [23, 24] . As lower figure, MRI has accuracy of 52% in localizing impalpable UDT compared to 19% of USS. The sensitivity of detection was 55% and 60% respectively. But, as higher figure, MRI has sensitivity of 86%, a specificity of 79%, and an accuracy of 85%. The USS has sensitivity of 76%, specificity of 100%, and an accuracy of 84% in the diagnosis of impalpable UDT.
As CT imaging has been introduced earlier than MRI, Wolverson reported that CT has 94% sensitivity, 100% specificity and 96% accuracy in determining UDT compared to USS results. It showed 88% sensitivity, 100% specificity and 91% accuracy [25] . Overall accuracy of all modalities (USS, CT & MRI) was 44% published by Hrebinko in 1993 on16 boys. USS findings were correlated with operative findings in 58% of UDT, while CT & MRI correlated in only 33% & 0% respectively [26] . However, Liu and his group in 2002 on 150 boys, reported the overall accuracy of preoperative localization of UDT was (70.6%) by image studies (USS, CT & MRI) [27] .
Nevertheless, the irradiation risks, costs and burdens on health care system including the need of general anaesthesia in some of these cases do not warrant the outcome. As the preoperative USS is not reliable in localising nonpalpable UDT and not useful in determining the subsequent surgical management, these radiological imaging modalities should aim far [28] . However, the role of imaging studies in certain clinical situations is considered helpful diagnostic tool like disorders of sexual development and hypospadias or in the investigation internal genitourinary organs in syndromes and or associated congenital anomalies [29] . Surgical approach for boys with cryptorchidism depends on the presence or absence and the position of testes at the time of examination under anaesthesia prior to the surgical procedure. Single stage open orchidopexy is usually performed for palpable testes using groin or scrotal approach [30, 31] . On the other hand, initial diagnostic laparoscopy is performed for impalpable testes in most of the cases. This is usually followed by single or multi staged orchidopexy if good sized testis is identified using laparoscopic or an open approach [32] . Laparoscopy has proven to be the only diagnostic modality where the findings provide a clear, dependable direction for definitive management of impalpable testes. It allows an accurate diagnosis and simultaneous definitive treatment of various pathologic conditions and positions of the testes, such as low or high intra-abdominal testes [33] . The procedure was accurate in all patients while other imaging modalities (US, CT and MRI) failed to localise the testes in most cases or not informative enough [34] [35] [36] .
Conclusion
USS has low sensitivity, specificity and accuracy relatively in determining the presence of testes and localisation of their position. Comparatively, MRI has superior role. However, in the presence of examination under anaesthesia and laparoscopic technique, all these modalities are not recommended in investigations preoperatively. Based on the literature review, there is a universal trend towards the decline in performing imaging studies prior to surgery in children with cryptorchidism despite technology improvement.
